Cation selectivity characteristics of the reconstituted voltage-dependent sodium channel purified from rat skeletal muscle sarcolemma.
In this report, the alkali metal cation selectivity of the purified, voltage-dependent sodium channel from rat skeletal muscle is described. Isolated sodium channel protein (980-2840 pmol of saxitoxin binding/mg of protein) was reconstituted into egg phosphatidylcholine vesicles, and channels were subsequently activated by either batrachotoxin (5 X 10(-6) M) or veratridine (5 X 10(-4) M). Activation of the reconstituted sodium channel by batrachotoxin permitted rapid specific influx of cations into channel-containing vesicles. Quenched flow kinetic techniques were adapted to allow resolution of the kinetics of cation movement. Uptake rates for 42K+, 86Rb+, and 137Cs+ were measured directly and half-times for equilibration at 18 degrees C were determined to be 350 ms, 2.5 s, and 10 s, respectively, in this vesicle population. 22Na+ equilibration occurred within the mimimum quenching time of the apparatus (90 ms) but an upper limit of 50 ms at 18 degrees C could be assigned to its half-time. Based on this upper estimate for Na+, cation selectivity ratios of the batrachotoxin-activated channel were Na+ (1):K+ (0.14):Rb+ (0.02):Cs+ (0.005). Toxin-stimulated influx could be blocked by saxitoxin with a Ki of approximately 5 X 10(-9) M at 18 degrees C. Rates of cation movement through veratridine-activated channels were much slower, with half-times of 1.0, 1.2, 2.0, and 2.6 min at 36 degrees C for Na+, K+, Rb+, and Cs+, respectively. The temperature dependences of batrachotoxin and veratridine-stimulated cation uptake were markedly different. The activation energies for 86Rb+ and 137Cs+ movement into batrachotoxin-activated vesicles were 7.6 and 6.1 kcal/mol, respectively, while comparable measurements for these two cations in veratridine-activated vesicles yielded activation energies of 31 kcal/mol. Measurements of cation exchange with batrachotoxin-activated channels may reflect characteristics of an open sodium channel while the process of channel opening itself may be rate-limiting when veratridine is used for activation.